The raffinose (raf) operon is negatively controlled by the specific binding of raf repressor (raiR gene) to raf operator (rafO) DNA. Both ra.R and rafO have been sequenced. The 1,011-base-pair raJR gene encodes a 336-amino-acid polypeptide containing an N-terminal helix-turn-helix motif. rafO, as defined by in vivo titration of raf repressor, consists of two nearly identical 18-base-pair palindromes that flank the -35 box of the raf promoter.
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The genetic organization of the plasmid-borne raffinose (rap operon with three recently sequenced (2) genes encoding a-galactosidase (rafA), Raf permease (raJB), and sucrose hydrolase (rafD) and their negative control by a repressor (the raJR gene) bear close resemblance to the organization and control of the Escherichia coli lactose (lac) operon (8) . However, the specificities of lac and raf gene controls are quite distinct; the latter has been conserved in 25 raffinose plasmids from different sources (15) . To elucidate the molecular basis of this regulatory specificity, we have sequenced rafR and the adjacent raf regulatory region of plasmid pRSD2 (2, 4) and have identified two palindromic operator sequences by in vivo titration experiments.
A 1,289-base-pair HindIII-PstI fragment containing rafR and rafO from pRSD2 was subcloned into vector pUC8 (19) and sequenced by the chain termination method (12) as described before (2, 7) . The nucleotide sequence presented in Fig. 1 contains one large 1,011-base-pair open reading frame with a derived 336-amino-acid sequence (calculated molecular weight, 36,700) shown below the DNA sequence.
Its identity with the repressor gene, raf?, is suggested by the following observations. (i) Transformation of the raf-constitutive E. coli DS338-2 (containing a chromosomal insertion of Arafl rafO+A+ [17] ) with the cloned HindIII-ScaI fragment containing the open reading frame (Fig. 1) led to inducible synthesis of a-galactosidase. (ii) In accord with the derived primary structure (Fig. 1) , the N-terminal sequence of purified raf repressor reads Ser-Leu-Lys-Ala-Ile (C. Aslanidis, I. Muiznieks, and R. Schmitt, submitted for publication). The absence of an amino-terminal methionine suggested posttranslational processing (18) . (iii) By primary structure comparisons with other DNA-binding proteins (10, 13, 14) , a helix-turn-helix motif (Fig. 1 , ao and a2 helices underlined) has been identified in the amino-terminal portion of the derived peptide sequence. The recognition helix a2 iS thought to specifically interact with palindromic operator sequences, as has been shown in other repressor-operator systems (1, 9, 11, 13) . (iv) A spontaneous mutation that led to constitutive expression of the raf operon (16) was located within the open reading frame by sequencing. This C-to-A transition at position 314, which resulted in a nonconservative exchange of Ala-50 to Glu-50 ( Fig. 1 (5) .
The nucleotide sequence downstream of rafR contains the previously identified promoter and ribosome-binding site of the raf structural genes (2) and two nearly identical 18-base-pair palindromic sequences flanking the -35 promoter box ( Fig. 1 ). These symmetrical sequence elements were identified as the raf operator (rafO) by a set of in vivo repressor titration experiments. Cells of E. coli C600 (3) that contained the entire raf operon on the single-copy prophage PlKmRaf (2) were transformed with high-copy pUC8 (19) recombinants bearing four different fragments from the rafR-rafA intercistronic region, as shown in Fig. 2 . Whenever the recombinant plasmid contained a functional operator sequence, raf repressor molecules were scavenged, leaving the resident operator unoccupied. The resulting expression of the prophage-borne rafoperon was monitored by measuring ox-galactosidase activity (16) .
The ability or inability (+ or -) of each fragment to bind raf repressor is diagrammed in Fig. 2 . A 169-base-pair PstI fragment (clone pRU645), spanning the entire rafR-rafA intercistronic region (Fig. 1) , and three subclones, pRU950, pRU951, and pRU952, were probed. Repressor binding was observed with pRU645 and with pRU952, both of which contain the central 44-base-pair Sau3A fragment, but not with the two flanking sequences borne by pRU950 and pRU951 (Fig. 2) . These results confined the raf operator to two 18-base-pair palindromic sequence elements, termed 01 and 02, that occupy most of the Sau3A fragment. Distinctive interactions between operator half-sites with the consensus AXCCGAAAC (Fig. 2) and the a2 recognition helix of the repressor (Fig. 1 ) are thought to be responsible for the specificity of raf regulation analogous to related control systems (9, 13) . The conspicuous location of the -35 raf promoter box between the two repressor-binding sites may be essential for the efficient control of transcription initiation.
The genetic organization of the 6.1-kilobase-pair raf operon and the gene-function relationships of one regulatory and three structural genes, as elucidated in this and a previous study (2) , are summarized in Fig. 3 (2) . A spontaneous raf-constitutive mutant (16) , identified as a C-to-A transversion at position 314 in rafR that leads to an Ala-50-to-Glu-50 exchange, is shown. The sequence has been submitted to the GenBank data base; its accession number is M29849. (2, 4) , which contains the entire rafR-rafA intercistronic region, and three subfragments (nucleotides numbered as in Fig. 1 ) were ligated into pUC8 and used for repressor titration. As presented here, the right-hand Sau3A cloning site of pRU952 was preserved by ligation into the BamHI site of pUC8 (19 the negative mode of transcription control by the specific binding of tetrameric rafrepressor molecules (R. Jaenicke, I. Muiznieks, C. Aslanidis, and R. Schmitt, FEBS Lett., in press) to raf operator DNA and the dissociation of this complex by the addition of inducer. In vitro binding and footprinting experiments with purified repressor that confirm this mode of control (Fig. 3) will be presented in a subsequent report (Aslanidis et al., in preparation).
M S L K A I A T T L G I 20TTCTGTCACCACTGTCAGTCGGGCTCTTGGAGGCTTTTCAGATGTGGCTGCTTCTACCCGTGAGCGCGTGGAAGCGGAAGCACGTCGACGAGGTTACCGC 13 S V T T V S R A L G G F S D V A A S T R E R V E A E A R R R G Y R
A OZ A 301 CCTAATACACAGGCAAGAAGACTCAAAACCGGTAAAACCGATGCTATCGGTCTGGTTTATCCTGAAAATGATGTGCCGTTTAACAGCGGTGTTTTTATGG 46 P N T Q A R R L K T G K T D A I G L V Y P E N D V P F N S G V F M 401 ATATGGTCAGTTGCATCAGCAGGGAACTTGCTTATCATGATATTGACTTACTGCTGATCGCTGATGATGAGCATGCAGACTGCCACAGCTATATGCGGCT 79 D M V S C I S R E L A Y H D I D L L L I A D D E H A D C H S Y M R L 501 TGTTGAAAGTCGCAGAATTGATGCTCTTATCATTGCACATACTCTGGATGACGATCCCCGTATCACACATCTTCATAAAGCAGGTATTCCGTTTCTGGCT 113 V E S R R I D A L I I A H T L D D D P R I T H L H K A G I P F L A 601 CTTGGACGGGTACCGCAGGGCTTGCCCTGTGCGTGGTTTGACTTTGATAATCATGCCGGAACCTGGCAGGCAACCCAGAAGCTGATTGCTTTGGGACATA 146 L G R V P Q G L P C A W F D F D N H A G T W Q A T Q K L I A L G H 701 AGAGTATTGCGCTGTTGAGCGAGAACACTTCACATTCTTATGTTATTGCAAGACGTCAGGGATGGCTTGATGCACTGCATGAGCATGGACTGAAAGATCC 179 K S I A L L S E N T S H S Y V I A R R Q G W L D A L H E H G L K D P 801 ATTGTTGCGGCTGGTTTCTCCCACGCGACGAGCGGGCTATCTGGCTGTGATGGAGTTAATGTCATTACCGGCGCCACCAACAGCTATTATTACTGACAAT 213 L L R L V S P T R R A G Y L A V M E L M S L P A P P T A I I T D N 901 GACCTGAGTGGAGATGGTGCGGCTATGGCGCTGCAGTTGAGAGGGCGTCTTTCAGGGAAAGAAGCTGTATCTCTGGTTGTATATGATGGTTTGCCTCAGG 246 D L S G D G A A M A L Q L R G R L S G K E A V S L V V Y D G L P Q
ACAGCATTATTGAGCTGGATGTGGCTGCTGTTATTCAGTCAACACGAAGTCTCGTTGGTCGTCAGATTTCTGACATGGTGTATCAGATAATCAATGGTGC 279 D S I I E L D V A A V I Q S T R S L V G R Q I S D M V Y Q I I N G A 1101 ATCACCAGAATCACTGCAGATAACCTGGACACCGATATTTTACCCTGGTAGCACGGTTCATTCTCCTTCCTTCTGATTTTTTATCCAGATCACACAACCG 313 S P E S L Q I T W T P I F Y P G S T V H S P S F

01
We thank Peter Heinrich for technical advice, Anneliese Mitterer for artwork, and Edwin Pleier for help in preparing the manuscript.
This investigation was supported by the Deutsche Forschungsgemeinschaft.
LITERATURE CITED
